A number of materials have shown to be capable of inducing apatite formation in metasatble calcium-and phosphate-containing solutions known as simulated body fluids (SBFs). All these apatite inducers have a great number of acidic hydroxyl groups on their surfaces that include SiOH, TiOH and COOH . A hypothesis is thus proposed that a material could induce apatite formation when there are a large number of acidic OH groups present on its surface. These acidic OH groups could be introduced in the material via sol-gel processing routes and/or generated on the surface of a material as a result of its interaction with the solutions. The ktnowledge has been applied to develop a new process of growing an apatite film on titanium implants for enhancement of their fixation in bone .
INTRODUCTION
Bone mineral is a carbonated apatite formed in an organic matrix . Bone cells, namely osteoblasts, synthesize the organic matrix that turns to induce the apatite formation from the physiological solution. The physiological solution is supersaturated with respect to apatite. But it is a metastable solution and requires an external stimulation to initiate the apatite nucleation. Once apatite nuclei are formed by the organic matrix (nucleator) , they spontaneously grow by uptake of calcium and phosphate present in the physiological solution (the source of apatite).
The formation of apatite in metastable calcium-and phosphate-containing solutions could happen on materials other than the organic matrix of bone . The objective of this paper is to demonstrate the apatite induction by a group of materials including ceramics, metal and polymers. The fundamental aspects of the apatite induction is then discussed and the knowledge is finally applied to grow an apatite film on titanium implants for enhancement of their fixation in bone.
MATERIALS AND METHODS
Simulated body fluids (SBFs) were prepared by dissolving reagent-grade NaCl , Figure 1 shows a SEM micrograph of the silica after exposed to SBF1 for 7 days. A new ceramic layer is seen on top of the silica. It was identified to be a carbonated apatite 
RESULTS

DISCUSSION
Further studies with over materials have shown that the formation of apatite in SBFs is related to the materials [5] . Not every material could initiate the apatite formation in SBFs. For instance, the alumina prepared by a sol-gel process could not induce the apatite formation as the so-gel prepared silica and titania do. The materials and their ability to induce the apatite formation in SBFs is summarized for forming, apatite in SBFs even when they have the same composition. What the materials investigated in this study (sol-gel prepared silica, sol-gel prepared titania and Polyactive (R)) have in common is a great number of acidic OH groups. The sol-gel processes rendered the silica and the titania the abundant SiOH and TiOH groups respectively. In addition , more
SiOH groups could be generated as a result of dissolution of silica in SBFs . After Polyactive (R) was immersed in SBF3, the hydrophilic PEO segment absorbed water and the polymer expanded. Accordingly. Polyactive (R) became a hydrogel-like material . More and more carboxylic acid groups (COOH) were generated in the polymer , with the hydrolysis of Poiyactive (R) proceeding in SBF3. In fact , this COOH group is abundant in the organic matrix of bone. Owing, to the partial dissociation of their respective acidic OH groups , the surfaces of the sol-gel prepared silica, the sol-gel prepared titania and Polyactive (R) were negatively charged in SBFs. It appears that the remaining non-dissociated acidic OH groups . and the negatively charged surfaces work together to induce the apatite nucleation in SBFs .
It is thus proposed that a material could induce the apatite formation in SBFs when there are a large number of acidic OH groups present on its surface . These acidic OH groups could be introduced in the material via the sol-gel processing routes and/or generated on the surface of a material as a result of its interaction with the solution . bonding to bone, thanks to its resemblance to bone mineral. Orthopaedic and dental implants coated with HA ceramic have successfully used in clinics. Plasma-spraying process is the most commonly used technique for applying HA onto the implants today. But there are several limitations of this process. One is that the plasma-spraying technique involves a very high temperature process that inevitably causes the decomposition of HA.
Therefore, the composition and the structure of the plasma-spayed HA coating is not identical to those of bone apatite. The second limitation is the extreme difficulty in coating certain areas of implants, such as the undercut surface. Therefore, it is desirable to coat the entire surfaces of implants with the apatite that is identical to bone apatite. The majority of dental and orthopaedic implants are made of titanium. According to the findings described earlier, it would be possible to grow an apatite film on titanium implants in a SBF solution. The key is to create a large number of TiOH groups on the titanium surface. Since oxidation of titanium and the hydration of titanium oxides in SBFs could generate TiOH groups, there is the likelihood of inducing an apatite formation on titanium through these in-situ formed TiOH groups. A study was then carried out to test this idea. The result is shown in Figure 4 . It is true that the surface of a dental implants made of commerciallypure titanium could be fully converted by growing the apatite film in a SBF solution. The formation of the apatite film neither changed the geometry of groove nor altered the physical feature of the implant. Furthermore, such-formed apatite is much closer to bone apatite in composition and structure than the plasma-sprayed HA coating.
